Recently, several groups reported that three orphan receptors, GPR40, GPR41, and GPR43, can be activated by FFAs (5-9).
GPR40 can be activated by medium and long-chain FFAs, but not by short chain
FFAs (5, 6) . Whereas, GPR41 and GPR43
can be activated by short chain FFAs, but not by medium and long-chain FFAs (7) (8) (9) .
Pharmacological analysis of GPR40 and its tissue distribution suggested that GPR40 is abundantly expressed in the pancreas as a functional receptor for long-chain FFAs and that FFAs amplify glucose-stimulated insulin secretion from pancreatic beta cells by activating GPR40 (5) .
We have very recently demonstrated that an orphan GPCR, GPR120, which is abundantly expressed in intestine, functions as a receptor for unsaturated long-chain FFAs The final concentration of DMSO was adjusted to 0.1% (v/v). FFAs were added to serum-free medium, then sonicated just before use, and the resulting medium was used as serum-free, FFA-containing medium.
The medium containing the same amount of DMSO was used as the control.
Caspase-3 activity assay
The activity of caspase-3 was determined by 
Plasmids and transfection
Plasmids were transfected into STC-1 cells using Lipofectamine PLUS or
Lipofectamine 2000 reagents (Invitrogen) as described previously (10) . One or two days after transfection, cells were serum-starved for 2 h, treated with the indicated reagents, and caspase-3 activity measured as described above. Expression plasmids containing murine GPR120 and GPR40 genes were constructed as described previously (10) .
pCMV-ARK1nt and pCMV-ARK1ct were kindly provided by J. Yamauchi (Nara Institute of Science and Technology).
Plasmids containing the dominant-negative (DN) JNK and p38 were kindly provided by Y. Izumi (Osaka City Medical School) and S.
Mitsuyama (Kumamoto University) (13, 14) . 
Real-time PCR analysis
Total RNA was reverse transcribed and used for real-time PCR analysis by using the DNA Engine Opticon2 System (MJ Research)
according to the Manufacture's instructions.
PCR primers were as follows:
for mouse GPR120, mGPR120-1, 
Western blotting
Activation of ERK1/2, JNK, p38, and Akt in STC-1 cells was assayed by Western blotting as described previously (10) . Briefly, cells were serum-starved for 2 h, and treated with 100 µM of each FFA. After 10 min of stimulation, total cell extracts were prepared and subjected to Western blotting using anti-phospho-and anti-total kinase antibodies (Cell Signaling Technology).
Measurement of cAMP formation
Cyclic adenosine monophosphate (cAMP) levels in STC-1 cells were determined as reported previously (15) . Reactions were started by the addition of test agents along with 500 µM 3-isobutyl-1-methyl-xanthine. 
Statistical analysis.
One-way analysis of variance (ANOVA) was used to evaluate treatment effects. If the ANOVA value was significant, comparisons between the control and treatment group were performed using ANOVA followed by Dunnett's test to localize the significant difference. A P value of less than 0.05 was considered significant. All statistics were run with InStat 2.00 (GraphPad Software).
Results
Free fatty acids enhance cell survival of serum-starved STC-1 cells.
We first examined the effects of saturated and unsaturated FFAs with a chain length of C 12 to C 22 on cell survival of murine enteroendocrine STC-1 cells. As shown in and inhibit these cellular functions (21, 22) .
As shown in Fig. 9D , transfection of ARK1nt caused an inhibition of linolenic acid-promoted caspase-3 inhibition. In contrast, transfection of the C-terminus of ARK1 ( ARK1ct), which is known to bind to G and inhibit these cellular functions (23, 24) , did not affect its inhibition (Fig.9D ).
In addition, we measured caspase-3 activity in STC-1 cells transfected with plasmids expressing a wild-type G q (G q WT) or a constitutive active form of G q (G q Q209L).
As shown in Fig. 9E , transfection of G q Q209L, but not G q WT, induced the inhibition of caspase-3 activity in serum-deprived STC-1 cells (Fig. 9E ).
Phospholipase C (PLC) is well-known to be activated by G q (25) . We found that U-73122, a specific inhibitor of PLC, but not U-73343, an inactive analog of U-73122, significantly reduced the anti-apoptotic effect of linolenic acid on STC-1 cells (Fig. 10A ) as well as linolenic acid-promoted ERK activation (Fig. 10B) . These results suggest that linolenic acid-mediated apoptosis inhibition is mediated through the G q -PLC-ERK pathway.
Discussion
GPCRs of the GPR40 family have been shown to be activated by FFAs; GPR40 by medium-and long-chain FFAs, and GPR41
and GPR43 by short-chain carboxylic acids, respectively (5-9). More recently, we identified a novel GPCR, GPR120, as another GPCR for long-chain FFAs (10). * P < 0.001, ** P < 0.01, # P < 0.05 versus control.
(B) Caspase-3 activity was measured in serum-starved STC-1 cells treated with or without linolenic acid, palmitoleic acid, and docosahexaenoic acid (1, 3, 10, 30, and 100 µM).
Caspase-3 activity was expressed as a percentage compared with DMSO-treated cells. Data show mean ± S.E. of four independent experiments. * P < 0.001, # P < 0.05 versus control. (A) DNA fragmentation was assessed quantitatively by an ELISA-based method using anti-histone and anti-DNA antibodies in serum-starved STC-1 cells treated with or without fatty acids (100 µM) and HS/FBS for 24 h. Data show mean ± S.E. of three independent experiments. * P < 0.01, ** P < 0.05 versus control.
(B) DNA fragmentation was measured quantitatively in serum-starved STC-1 cells treated with or without linolenic acid (3, 10, 30, and 100 µM). Data show mean ± S.E. of three independent experiments. * P < 0.01, ** P < 0.05 versus control. wortmannin (500 nM), or LY294002 (10 µM). Cells were then stimulated with or without linolenic acid (100 µM) for 10 min. Western blotting was performed using anti-phospho-and anti-total kinase antibodies. After 24 h, cells were serum-starved, and caspase-3 activity was measured. Data show mean ± S.E. of three independent experiments. Asterisk, P < 0.05. (A) ERK activation. STC-1 cells were serum-starved for 2 h, and treated with 100 µM of each FFA. After 2 min of stimulation, total cell extracts were prepared and subjected to Western blotting using anti-phospho-ERK1/2 and anti-total ERK1/2 antibodies. C18:3 ME: linolenic acid methyl ester.
(B) Egr-1 expression. STC-1 cells were serum-starved for 2 h with or without pretreatment with U0126, and treated with 100 µM of each FFA. After 30 min of stimulation, total RNA were prepared and subjected to real-time RT-PCR analysis of Egr-1 and GAPDH genes. The GAPDH gene was used as a control. Data show mean ± S.E. of three independent experiments. # P < 0.05 versus control, *P < 0.05 versus FFA treatment. experiments. * P < 0.05, ** P < 0.01. 
